Serotonin-containing neurons in lobsters: their role as gain-setters in postural control mechanisms.
1. The electrophysiological properties of two pairs of identified serotonin-containing neurons in the fifth thoracic (T5) and first abdominal (A1) ganglia of the lobster, Homarus americanus, were studied with the use of intracellular recording methods. Intracellular dye injection combined with immunocytochemistry verified the neurochemical status of the recorded neurons. 2. The serotonin-containing neurons usually are spontaneously active at 0.5-1.0 Hz and produce large, overshooting action potentials with a prominent after-hyperpolarization. The action potentials appear to be generated by a pacemaking mechanism endogenous to the cells. Extracellular recordings from thoracic connectives and from second thoracic roots show that action potentials from the cells in A1 and T5 are propagated rostrally along their axons and invade axon collaterals that innervate neurohemal organs in the second thoracic roots and the pericardial organs. These observations suggest that these serotonin-containing cells may function in part as important neurosecretory cells in the lobster. 3. Members of the pairs of serotonin-containing cells are not synaptically connected. They receive prominent inhibitory inputs in the form of inhibitory postsynaptic potentials (IPSPs), which exhibit discrete size classes and probably arise from several sources. Most IPSPs are temporally synchronized among the two pairs of serotonin-containing cells. 4. The serotonin-containing cells respond to stimulation of postural command fibers, with flexion command fibers exciting and extension command fibers inhibiting the cells, suggesting that these cells are a part of the postural flexion circuitry. 5. Intracellular activation or inhibition of the serotonin-containing cells has no effect on the spontaneous readout of postural motor programs recorded from motor nerve roots. Coactivation of the serotonin-containing cells and command fibers, or inhibition of the serotonin-containing cells while activating command fibers, however, shows that the cells act as "gain-setters," modulating the interaction between command inputs and motoneuron outputs. 6. About 24% of the motor neuron units analyzed are influenced by the serotonin-containing cells. There is a bias toward facilitation of the readout of flexion motor programs, particularly with stimulation of strong and moderate flexion command fibers. 7. The serotonin-containing cells in T5 and A1 ganglia are hypothesized to serve two functions, one tonic and the other phasic, in modulating behavioral output in lobsters. Tonic firing of the cells should result in a sustained release of serotonin from central and peripheral sets of nerve terminals, which, in turn, could influence peripheral and central targets of the amine.(ABSTRACT TRUNCATED AT 400 WORDS)